Right-sided lateralization of skin temperature in healthy young persons Abstract Purpose: Previous studies reported a peripheral immune asymmetry and lateralization of different paired organ cancers. Because of the close relationship of immune system with body temperature, the aim of the study was to test the possible lateralization of skin temperature.
The skin, the subcutaneous tissues, and especially the fat of the subcutaneous tissues, act together as a heat insulator for the body. The insulation beneath the skin is an effective means of maintaining normal internal core temperature. Blood vessels are distributed profusely beneath the skin. Especially important is a continuous venous plexus that is supplied by inflow of blood from the skin capillaries. The rate of blood flow into the skin venous plexus can vary from barely above zero to as great as 30% of the total blood volume. A high rate of blood flow to the skin causes heat to be conducted from the core of the body to the skin with great efficiency, whereas reduction in the rate of skin flow can decrease the heat conduction from the core to very low levels [1] . Skin temperature is often assessed in medical care and monitoring, but its asymmetry has not been reported.
Anatomical, biochemical, physiological and pathological asymmetries of the human neuroendocrine and immune systems have been reported [2] . Functional asymmetries of the adrenal glands [3] , asymmetries in phenotypic and functional characteristics of cells from lymphoid organs [4] and asymmetrical function of thymus [5] , a bilateral immune organ, were shown.
A higher cell-mediated immune hypersensitivity response in the left side of the body has been reported using the tuberculin test in healthy young subjects [6] . This study was supported in mice by using sheep erythrocytes instead of tuberculin test [7] . The latter authours suggested that the higher delayed type hypersensitivity (cell mediated immune hypersensitivity) reaction in the left paw of animals may be dependent on the functional asymmetry of regional lymph nodes [7] .
A more frequent appearance of herpes zoster infection in the left body side of women has been reported [8, 9] . Cell mediated immune hypersensitivity was smaller on the involved side than in the noninvolved side of the body in patients with herpes zoster infection [8] . Also, a left-sided lateralization of all immune reactions and diseases was reported in a left-handed female [10] .
It has been reported that breast cancer was found to be more frequent on the left side in women [11] [12] [13] [14] . Also, the right-sided lateralization of head-neck cancers in right-handed patients and vice versa in left-handed ones was reported [15] . In a recent study, the left-right asymmetry in involved and total neck lymph nodes distribution in forty-six patients with bilateral laryngeal cancer. The numbers of both involved and total neck lymph nodes were significantly higher on right side than on left side for all neck levels in laryngeal malignancies [16] . Left-right asymmetry was reported in pelvic lymph node distribution in patients with gynecologic malignancies and right-side prevalence for the number of lymph nodes [17] [18] [19] . In another study, both the total number and the number of axillary lymph nodes involved by metastatic breast cancer cells was higher on right side in patients with breast cancer on the right side [14] . Stronger cell-mediated immune activity in the left side of humans [6, 7] may be associated with the blocking of metastatic invasion of cancer cells from gynecologic malignancies in the left side of the body.
A peripheral immune asymmetry may result in an asymmetry in skin temperature. No published study has specifically addressed the existence of a left-right asymmetry in skin temperature, thus, we aimed to examine left-right asymmetry in skin temperature, an important diagnostic and follow up method in nursing applications.
Methods
Four hundred sixty three healthy subjects (325 women, 138 men, mean age = 23.62, SD = 8.65) participated in this study. Exclusion criteria were health problems such as infectious, neurologic, psychiatric, respiratory, metabolic or autonomic nervous system diseases that might change the skin temperature. Also, the left-handed subjects were not included. There was no difference between men and women in age. The purpose of the study was explained to all students verbally and then a signed consent was obtained from each. All students had volunteered to participate in this study. The Ethical Committee of the Faculty of Medicine of the University of Turgut Ozal approved this study.
All skin temperature measurements were obtained by the same investigator and in morning 08.00-09.00 a.m. Skin temperature was assessed for three different points in skin: axillary, thumb and external auditory.
Measured values were given as means and standard deviations. Statistical analysis was performed using SPSS for Windows version 16.0 (SPSS, Inc., Chicago, IL). All variables were normally distributed. Paired t test was used to compare groups. A p value<0.05 was considered significant.
Discussion
These results support the peripheral immune asymmetry hypothesis in terms of cell mediated immunity and lymph node distribution because immune system activity is strictly associated with the heat production.
Bacteria or breakdown products of bacteria are phagocytized by the blood leukocytes, by tissue macrophages, and by large granular killer lymphocytes. These cells digest bacterial products and then release the substance interleukin-1, also called leukocyte pyrogen or endogenous pyrogen. The asymmetric function of the immune system may result in the lateralization of heat production or skin temperature.
Many types of segmental autonomic reflexes are integrated in the spinal cord; for example, changes in vascular tone resulting from changes in local skin heat and sweating resulting from localized heat on the surface of the body.
The lateralization of different paired organ cancers shown in some previous studies may be associated with the asymmetry of skin temperature in the present study. While the left-sided asymmetry for breast cancer was reported in females [11-13, 20, 21] , the right-sided lateralization for the head-neck [15] , lung [22] , kidney [23] and testis [24] cancers were reported. Moreover, in a large study of a UK cohort, right-sided lateralization was reported for the lung, testis, ovarian and kidney cancers, except breast cancer in which there was a left-side lateralization [25] . In that study, the incidence ratio (left/right) were 0.88 for male lung cancer, 0.86 female lung cancers, 0.87 for testis cancer, 0.99 for ovarian cancer, 0.86 for ovarian germ cell cancer, 0.96 for male kidney cancer and 0.94 for female kidney cancer. The higher cancer risk on right side for the paired organ cancers may be associated with the higher temperatures found in the present study. The higher skin temperature on the right-side in the present study may be either result or cause of the higher risk of cancer in the right side. Also, the higher risk of the right-sided metastatic invasion of different paired organ cancers [14, [16] [17] [18] [19] may result from the higher temperature in the right side of the body.
In a recent study, the possible asymmetry in palatine tonsil sizes by handedness was investigated. Right tonsil volume and weight were higher compared to left in right-handed patients with chronic tonsillitis and vice versa in left-handed patients [26] . A right-sided prevalence of the external and common iliac lymph nodes in 54% of cases in 152 autopsy examinations of individuals died from causes other than lymphatic organ disorders was found [27] . In addition, it has been performed a modified pelvic lymphadenectomy on 30 cadavers showing that both external iliac and obturator nodes were prevalent on the right side than on the left [28] . Moreover, a left-right asymmetry in nodal distribution with a lateral right prevalence has been reported in a variety of nodal groups [29] . In another study, the left-sided axillary lymph nodes were fewer in number but large in size than the right-sided ones in women with breast cancer [30] .
The asymmetry of skin temperature may result from the peripheral immune asymmetry or asymmetric lymph node distribution. Some protocols in testing of skin temperature may be used for the true diagnosis and monitoring such as the assessing from the same side, for example right, for the same patient or all patients. 
